Background: Mortality rates for cancer are decreasing in patients under 60 and increasing in those over 60 years of age. The reasons for these differences in mortality rates remain poorly understood. One explanation may be that older patients received substandard treatment because of concerns about adverse effects. Given the paucity of research on the multiple dimensions of the symptom experience in older oncology patients, the purpose of this study was to evaluate for differences in ratings of symptom occurrence, severity, frequency, and distress between younger (< 60 years) and older ( ≥ 60 years) adults undergoing cancer treatment. We hypothesized that older patients would have significantly lower ratings on four symptom dimensions.
Background
Cancer is predominantly an older person's illness. Approximately 50% of the most common cancers (i.e., breast, prostate, and lung) occur in people over 60 years of age [1] . Because of major advances in cancer treatment and supportive care strategies, a larger percentage of older persons are receiving active treatment [2] . However, while mortality rates for cancer are decreasing in patients under 60, they are increasing in those over 60 years of age [1] . The reasons for these differences in mortality rates remain poorly understood primarily due to the paucity of research on older persons with cancer.
Older adults are a vulnerable population who are at high risk for suboptimal cancer care because they were under-represented in clinical trials and experience disparities in cancer treatment [3] [4] [5] [6] [7] . One reason why mortality rates may be increasing in patients over 60 is that they receive substandard treatment (i.e., lower doses of radiation therapy (RT) or chemotherapy (CTX)) because of the unsubstantiated belief that they will experience a larger number and more severe adverse effects as well as poor functional outcomes and significant decrements in quality of life (QOL) [8, 9] . The foundations for these beliefs include the normal physiological changes that occur with aging that could influence drug metabolism, the co-occurrence of multiple co-morbidities in the elderly, and the increased risk of adverse effects associated with polypharmacy [2, 10, 11] . However, findings from studies on the impact of co-morbidities and cancer treatment on older people are contradictory [12] [13] [14] .
In addition, in the limited number of studies that evaluated associations between age and the occurrence and severity of physical and psychological symptoms, the results are inconsistent. In a study of oncology patients undergoing RT [15] , sleep disturbance, pain, and distress were significantly less prevalent among older patients compared to younger patients, while shortness of breath was significantly more prevalent among older patients before RT. In another study of newly diagnosed cancer patients [16] , age was weakly correlated with ratings of symptom distress (r = −0.11, p < 0.02) and older patients reported lower levels of symptom distress. In contrast, in a study of multiple symptoms [17] , patients over 70 reported higher symptom distress scores than patients less than 40 years of age. In a study of patients with advanced cancer [10] , compared to older patients, younger patients reported higher pain severity scores and better appetite. In terms of psychological symptoms, older age is consistently associated with lower levels of psychological distress regardless of clinical factors [18] [19] [20] [21] . However, less is known about how older patients experience psychological distress associated with cancer and its treatment [22, 23] .
In both Australia and the United States, the number of oncology patients over the age of 60 is growing exponentially [1, 24] . In fact, estimates suggest that by 2030, the incidence of cancer among older adults will increase by 67% [25] . If research studies are not done to characterize the symptom management needs of older persons with cancer, the medical systems in both countries will not be prepared to provide the supportive care interventions that these highly vulnerable patients need in order to receive appropriate treatments and survive their cancer. Therefore, given the paucity of research on age-related differences in the multiple dimensions of the symptom experience, the purpose of this study, using the Memorial Symptom Assessment Scale (MSAS) [26] , was to evaluate for differences in ratings of symptom occurrence, severity, frequency, and distress between younger (< 60 years) and older (≥ 60 years) adults undergoing cancer treatment. Based on previous studies [16, [27] [28] [29] , we hypothesized that older patients would have significantly lower ratings on all symptom dimensions than younger patients.
Methods

Study samples
Demographic, clinical, and symptom data from one Australian study (i.e., Symptom Clusters) and two United States studies (i.e., Fatigue, Pain, and Sleep Study (FPS study), Symptom Prevalence Study) were combined to conduct this analysis. All three studies enrolled patients who were receiving active treatment for their cancer. To evaluate the effect of age, patients were dichotomized into younger (< 60) and older (≥ 60) groups based on cut-offs used in previous studies of cancer symptoms [10, 30, 31] , as well as findings that cancer mortality rates are increasing in those > 60 years [1] .
Symptom clusters study
This prospective, longitudinal study was designed to identify symptom clusters and their effects on physical and psychological functioning of patients with metastatic disease. Data were collected from patients using an interview-administered survey at the time of diagnosis or progression of metastatic disease and again at 2 months and 4 months. Data from the first assessment were used in these analyses.
Patients were recruited consecutively from two major tertiary referral hospitals in Australia: the Royal Brisbane and Women's Hospital and Peter MacCallum Cancer Centre (Melbourne). Patients were to participate if they: were adults (> 18 years of age) who could read, write, and understand English; had no cognitive limitations; had a primary cancer of breast, lung, colon/rectum, prostate, upper gastrointestinal tract, or ovaries; and were diagnosed with metastatic disease in the past month or had clinical evidence of progressive metastatic disease. Patients were excluded if they had local recurrence, but no evidence of metastatic disease; had a prognosis of < 4 months as determined by their clinician; or had physical or cognitive impairments that precluded participation in the 15-minute survey. The study was approved by the Ethics Committees of Queensland University of Technology and the two participating hospitals.
Research staff liaised with clinical staff to identify potentially eligible patients, using a standard screening assessment sheet. All patients provided written consent prior to completing the study questionnaires. Of 306 patients approached, 218 patients were recruited (71.2% response rate). Reasons for non-participation included: a clinician assessed that patients were not well enough to participate (27.9%), prognosis < 4 months (22%), limited English (18.7%), patient was currently participating in another study (18.4%), and physically or cognitively unable to participate (13%). The questionnaire was completed during a 20 minute face-to-face interview conducted by trained interviewers with nursing or psychology backgrounds. Clinical and demographic data were obtained from medical record reviews.
FPS study
This longitudinal study evaluated multiple symptoms in patients who underwent primary or adjuvant RT. Patients were recruited from two RT departments located in a Comprehensive Cancer Center and a community-based oncology program at the time of the patient's simulation visit. Patients were eligible to participate if they: were ≥ 18 years of age; were scheduled to receive primary or adjuvant RT for one of four cancer diagnoses (i.e., breast, prostate, lung, brain); were able to read, write, and understand English; gave written informed consent; and had a Karnofsky Performance Status (KPS) score of ≥ 60. Patients were excluded if they had: metastatic disease, more than one cancer diagnosis, or a diagnosed sleep disorder.
A total of 472 patients were approached and 185 consented to participate (response rate of 34%). The primary reasons for refusal were being overwhelmed or too busy. The study was approved by the Committee on Human Research at the University of California, San Francisco (UCSF) and at the second site. At the time of the simulation visit (i.e., approximately one week prior to the initiation of RT), patients were approached by a research nurse to discuss participation in the study. After obtaining written informed consent, patients completed the study questionnaires. In addition, medical records were reviewed for disease and treatment information.
Symptom prevalence study
This descriptive, cross-sectional study used self-report questionnaires to obtain information from a convenience sample of oncology outpatients. Patients were recruited from four outpatient settings in Northern California, including a university-based Cancer Center, a Veterans Affairs facility, and two community-based outpatient clinics. Patients were eligible to participate if they were > 18 years of age; were able to read, write, and understand English; gave written, informed consent; had KPS scores of ≥ 50; and were receiving active cancer treatment.
A total of 310 patients were approached and 206 consented to participate (response rate of 66%). The primary reasons for refusal were that a patient was too ill to participate (80%), too busy (15%), or not interested in the research study (5%). Patients who agreed to participate provided written informed consent and were given a copy of the questionnaire booklet. They completed the study questionnaires in their home and returned them to the research office using a postage paid envelope. The study was approved by the Committee on Human Research at UCSF and at each of the study sites.
Instruments
Demographic and clinical characteristics
Demographic information on age, gender, marital status, and living arrangements were obtained at enrollment. Because of differences in the educational systems in Australia and the United States, data on education were recoded into a dichotomous variable (i.e., no post high school versus post high school education). In addition, patients' medical records were reviewed for cancer diagnosis, presence of metastatic disease, and current treatment regimens (i.e., none, CTX, RT, or both CTX and RT).
In the Australian study, patient's functional status was rated by their clinician using the Eastern Cooperative Oncology Group (ECOG) Performance Status score that ranges from 0 (fully active) to 4 (disabled) [32] . In the United States studies, patients rated their functional status using the KPS scale that ranged from 30 (I feel severely disabled and need to be hospitalized) to 100 (I feel normal; I have no complaints or symptoms). The KPS scale is widely used to evaluate functional status in patients with cancer and has well established validity and reliability. Based on the recommendations of Verger and colleagues [33] , the KPS scores were converted to ECOG scores for use in subsequent analyses.
Memorial Symptom Assessment Scale (MSAS)
All three studies used the MSAS to evaluate the occurrence, severity, frequency, and distress of 32 symptoms commonly associated with cancer and its treatment [26] . The MSAS is a self-report questionnaire designed to measure the multidimensional experience of symptoms. Using the MSAS, patients were asked to indicate whether or not they had experienced each symptom in the past week (i.e., symptom occurrence). If they had experienced the symptom, they were asked to rate its frequency of occurrence, severity, and distress. Symptom frequency was evaluated using a 4-point Likert scale (i.e., 1 = rarely, 2 = occasionally, 3 = frequently, 4 = almost constantly). Symptom severity was measured using a 4-point Likert scale (i.e., 1 = slight, 2 = moderate, 3 = severe, 4 = very severe). Symptom distress was measured using a 5-point Likert scale (i.e., 0 = not at all, 1 = a little bit, 2 = somewhat, 3 = quite a bit, 4 = very much). Three subscale scores (i.e., physical, psychological, global distress index) and a total MSAS score were calculated. The reliability and validity of the MSAS is well established in studies of oncology inpatients and outpatients [26, 34] 
Analysis
The three data sets were combined and data were analyzed using SPSS version 19 and STATA SE Version 12. Descriptive statistics, means, and standard deviations for quantitative variables and frequencies and percentages for categorical variables were generated to describe various patient characteristics. Mean ratings of severity, frequency, and distress were calculated for those patients who reported the symptom. Because previous studies have dichotomized older and younger patients at age 60 [10, 30, 31] , older patients were defined as adults ≥ 60 years of age. Independent sample t-tests and Chi Square analyses were used to evaluate for differences in demographic and clinical characteristics between the two age groups. Differences between the two age groups in characteristics with multiple levels (i.e., diagnosis, treatment, ECOG Performance Status score) were further examined using post-hoc contrasts with Bonferroni correction.
Logistic regression was used to evaluate the effect of increasing age on the occurrence rates of each symptom. Significant differences, between the two age groups (< 60 (younger) and ≥ 60 (older) years of age), in the occurrence rates of each symptom were evaluated with binary logistic regression analyses. To examine the differences between the two age groups in the severity, frequency, and distress ratings of each symptom, ordinal logistic regression was utilized. Significant differences, between the two age groups (< 60 (younger) and ≥ 60 (older) years of age), in the MSAS subscale and total scores were evaluated with linear regression analyses. For all of the regression analyses, unadjusted and adjusted values (e.g., odds ratios and their corresponding 95% confidence intervals) were generated for each symptom or scale score.
Results
Differences in demographic and clinical characteristics between older and younger patients
As shown in Table 1 , data from 593 oncology outpatients (i.e., 44.4% were < 60 years and 55.6% were ≥ 60 years of age) were evaluated. No differences were found across the three studies, in the age distribution of the patients. In addition, no differences were found, across the three studies, in the mean age of the patients (i.e., Symptom Clusters Study = 62.2 (± 12.0) years, FPS Study = 60.8 (± 12.0) years, Symptom Prevalence Study = 60.8 (± 12.4) years; F(2,590) = .994, p = .371). Across the three studies, the age distribution in 10 year increments was: 20 to 29 = 0.8%, 30 to 39 = 4.2%, 40 to 49 = 12.0%, 50 to 59 = 27.3%, 60 to 69 = 29.0%, 70 to 79 = 21.4%, and ≥ 80 = 5.3%.
The mean age of the entire sample was 61.3 (±12.1) years. On average, younger patients were 50.3 (±7.7) and older patients were 70.1 (±6.5) years of age (p < .001). Older patients were: more likely to be male (p < .001); less likely to have finished high school; more likely to have prostate cancer (p < .001); more likely to be receiving RT (p < .001), and more likely to be fully active (p = .04).
Differences in symptom occurrence rates between older and younger patients Table 2 provides the symptom occurrence rates for the total sample for each of the MSAS symptoms, as well as the unadjusted and adjusted odds of symptom occurrence as age increases by one year. After controlling for significant covariates (i.e., gender, education, diagnosis, treatment, and ECOG performance status), as age increased, significantly lower occurrence rates were reported for difficulty concentrating, pain, feeling nervous, nausea, difficulty sleeping, feeling bloated, vomiting, feeling sad, sweats, worrying, problems with sexual interest, feeling irritable, I don't look like myself, and changes in skin.
As shown in Table 3 , after controlling for significant covariates, differences in occurrence rates between the two age groups were found for 15 (46.9%) of the 32 MSAS symptoms. Older patients reported significantly lower occurrence rates for difficulty concentrating, pain, feeling nervous, nausea, feeling drowsy, difficulty sleeping, feeling bloated, vomiting, feeling sad, sweats, worrying, problems with sexual interest, feeling irritable, I don't look like myself, and changes in skin.
Differences in symptom severity ratings between older and younger patients As shown in Table 4 , after controlling for significant covariates, differences in severity scores were found for 6 (18.9%) of the 32 MSAS symptoms. Older patients reported significantly lower severity scores for dry mouth, feeling drowsy, feeling sad, sweats, worrying, and I don't look like myself.
Differences in symptom frequency ratings between older and younger patients
As shown in Table 5 , after controlling for significant covariates, differences in frequency scores were found for 4 (12.5%) of the 32 MSAS symptoms. Older patients reported significantly lower frequency scores for feeling nervous, dry mouth, nausea, and feeling bloated.
Differences in symptom distress ratings between older and younger patients
As shown in Table 6 , after controlling for significant covariates, differences in distress scores were found for 14 (43.8%) of the 32 MSAS symptoms. Older patients reported significantly lower distress scores for pain, lack of energy, cough, dry mouth, nausea, feeling drowsy, difficulty sleeping, feeling bloated, feeling sad, sweats, worrying, hair loss, I don't look like myself, and changes in skin.
Differences in MSAS subscale and total scores between younger and older patients
As shown in Table 7 , after controlling for significant covariates, older patients reported significantly lower scores on all of the MSAS subscales, as well as on the MSAS total score.
Differences in rankings of symptoms with highest occurrence, severity, frequency, and distress ratings between older and younger patients Table 8 provides a summary of the differences in the rankings of the various symptom dimensions (i.e., occurrence, severity, frequency, distress) for the top 10 symptoms between older and younger patients. For symptom occurrence, the four most prevalent symptoms (i.e., lack Table 1 Demographic and clinical characteristics for the total sample and differences between younger (< 60, n = 263) and older (≥ 60, n = 330) patients of energy, pain, feeling drowsy, difficulty sleeping) were the same for both age groups. Eight of 10 symptoms (80%) were in the top 10 for both age groups. Feeling sad and sweats were unique to younger patients. Problems with urination, cough, and shortness of breath were unique to older patients. For symptom severity, the four most severe symptoms (i.e., problems with sexual interest, hair loss, constipation, difficulty sleeping) were the same for both age groups. Seven of 10 symptoms (70%) were in the top 10 for both age groups. Sweats, I don't look like myself, and worrying were unique to younger patients. Problems with urination, shortness of breath, and lack of appetite were unique to older patients.
For symptom frequency, the three most frequent symptoms (i.e., problems with sexual interest, hair loss, lack of energy) were the same for both age groups. Seven of 10 symptoms (70%) were in the top 10 for both age groups. Dry mouth, I don't look like myself, and changes in skin were unique to younger patients. Problems with urination, lack of appetite, and changes in taste were unique to older patients.
For symptom distress, two symptoms (i.e., problems with sexual interest, constipation) were ranked as the first or second most distressing symptom in the two age groups. Six of 10 symptoms (60%) were in the top 10 for both age groups. Nausea, feeling bloated, feeling sad, and I don't look like myself were unique to younger patients. Problems with urination, shortness of breath, difficulty swallowing, and swelling of arms or legs were unique to older patients.
Discussion
This study is the first to evaluate for differences in multiple dimensions of the symptom experience (i.e., occurrence, severity, frequency, and distress) between older and younger adults undergoing active treatment for cancer. The majority of the age differences were found in ratings of symptom occurrence with older patients reporting significantly lower occurrence rates for 15 (46.9%) of the MSAS symptoms. While fewer age-related differences were found in ratings of symptom severity, frequency, and distress, for younger and older patients who reported a specific symptom, a similar pattern was found across all three dimensions, namely when differences occurred older patients reported significantly lower ratings. While this secondary analysis provides interesting and important data on age-related differences in various Abbreviations: CI, confidence interval; OR, odds ratio. †Frequency ratings = rarely (1), occasionally (2), frequently (3), almost constantly (4). dimensions of the symptom experience in a very large sample of oncology patients, several limitations need to be acknowledged before our findings are placed within the context of an extremely limited literature. First, detailed information was not available on the exact number or specific types of comorbidities these patients experienced. In addition, specific details on the doses of CTX and RT received by these patients were not collected for these studies. Despite these limitations, findings from this initial analysis can be used to generate testable hypotheses for future research. For almost 50% of the MSAS symptoms, older patients reported significantly lower occurrence rates. However, eight of the eleven symptoms with the highest occurrence rates were identical in the two age groups (i.e., lack of energy, pain, feeling drowsy, difficulty sleeping, dry mouth, difficulty concentrating, worrying, feeling irritable). Consistent with previous studies of multiple symptoms [15, [35] [36] [37] [38] [39] , these eight symptoms are among the most common symptoms reported by oncology patients regardless of cancer diagnosis, stage of disease, and/or cancer treatment. Since these eight symptom occurrence rates exhibit a similar distribution pattern in both age groups, one plausible hypothesis for the significantly lower occurrence rates for six of these symptoms in older patients (no difference in lack of energy or dry mouth) is that older patients received lower doses of CTX or RT [3, 12, 14, 40] . An equally plausible hypothesis is that older patients received comparable doses of therapy. However, because of age-related changes in a number of biological processes [41] and/or a variety of psychosocial factors [42, 43] , older patients reported lower symptom occurrence rates. For example, agerelated changes may occur in the hypothalamic-adrenal- Table 7 Differences in subscale and total scores on the Memorial Symptom Assessment Scale (MSAS) between younger (< 60, n = 263) and older (≥ 60, n = 330) patients Abbreviations: CI, confidence interval; OR, odds ratio. †Distress ratings = not at all (0), a little bit (1), somewhat (2), quite a bit (4), very much (5).
pituitary axis (HPA) that mediate the occurrence and severity of the most common cancer-related symptoms [44] . Another plausible hypothesis for the lower symptom occurrence rates in older patients is that older persons may experience a "response shift" in their perception of symptoms. A "response shift" is defined as an agerelated psychological shift that represents a change in a person's internal framework for the assessment of experiences [45] . This concept was first used in oncology to describe changes over time in QOL [46] . In the context of older patients' reports of symptoms, these individuals may have experienced an internal reconceptualization of their symptom experience based on their lifetime experience with symptoms or their experience with symptoms from other chronic medical conditions [45] . In addition, based on studies of barriers to pain assessment and management in older adults [47] , older patients tend to under-report pain because: they view it as a normal part of aging; they are concerned that if they report pain it will distract their clinician from treating their cancer; they are fearful about additional diagnostic tests and their associated costs; or they are worried about additional treatments (e.g., opioid analgesics for pain) and associated adverse events [11, 48, 49] . It is plausible that these same barriers contribute to under-reporting of other symptoms in older adults. Cough and shortness of breath were among the top most Table 8 Differences between younger (< 60, n = 263) and older (≥ 60, n = 330) patients in rankings of symptoms with the highest occurrence, severity, frequency, and distress ratings (Continued) frequently occurring symptoms only in the older age group. In contrast, feeling sad and sweats were unique to the younger age group. These differences in patterns of occurrence warrant investigation in future studies. For older and younger patients who reported a specific symptom, severity ratings for the majority of the symptoms were mild to moderate. For all but six symptoms (i.e., dry mouth, feeling drowsy, feeling sad, sweats, worrying, I don't look like myself ), no age-related differences in severity scores were reported (see Table 3 ). In addition to the hypotheses stated above, several potential explanations for the lack of differences in symptom severity ratings warrant consideration. If younger patients received higher doses of RT and/or CTX than older patients, one would expect higher symptom severity scores in the younger group. One potential explanation for the equivalent symptom severity scores is that younger patients received more aggressive symptom management than older patients. This hypothesis is supported by studies that found that older patients receive lower doses of opioid analgesics than younger patients with comparable pain severity scores [50, 51] .
In terms of the occurrence rates for specific symptoms (see Table 8 ), seven of the ten symptoms with the highest severity ratings were the same in both age groups (i.e., problems with sexual interest, hair loss, constipation, difficulty sleeping, swelling of arms or legs, lack of energy, pain). A similar pattern for the most severe symptoms across age groups suggests that these symptoms are common across cancer treatments. The age differential in terms of actual severity ratings may be related to dose reductions in the elderly or due to other biological or psychological mechanisms described above. Similar hypotheses could be proposed to explain the age-related differences in the symptom frequency ratings.
While a "response shift" in older persons' perceptions of their symptoms is a plausible explanation for the lower occurrence rates for over 50% of the MSAS symptoms, one might ask why this same hypothesis does not seem to apply for the other dimensions of the symptom experience. One reason that a "response shift" may not be as evident in patients' ratings of symptom severity, frequency, and distress is that the age group comparisons for these three dimensions were done with only patients who reported the symptom. To verify this hypothesis, differences in symptom severity scores between older and younger patients were re-analyzed with the inclusion of patients who did not report each symptom (i.e., symptom severity scores ranged from 0 to 4 instead of from 1 to 4). In these analyses, compared to younger patients, older patients reported significantly lower severity scores for: difficulty concentrating, pain, lack of energy, feeling nervous, nausea, feeling drowsy, difficulty sleeping, feeling bloated, vomiting, feeling sad, problems with sexual interest, feeling irritable, worrying, I don't look like myself, and changes in skin. This finding suggests that in older patients who develop a symptom as a result of their cancer or its treatment, they experience it with a similar severity as younger patients. The reasons why some older patients do and do not experience cancer symptoms warrants investigation in future studies.
Besides occurrence, the largest number of age-related differences were found in the symptom distress ratings (i.e., for 43.8% of the symptoms, older patients reported significantly lower ratings). Symptom distress is defined as the degree or amount of physical or mental upset, anguish, or suffering experienced from a specific symptom [26, 52] . In one review [39] , out of 22 studies that assessed multiple symptoms in cancer patients, only seven (31.8%) assessed distress. Of those seven, three used the MSAS [39] . While no studies were found that evaluated for age differences in MSAS symptom distress ratings, the symptoms with the highest distress ratings in our study are comparable to those found in other studies that used the MSAS [53] [54] [55] .
As shown in Table 8 , six of the ten most distressing symptoms were the same in both age groups (i.e., constipation, problems with sexual interest, lack of energy, pain, difficulty sleeping, worrying). Problems with urination, difficulty swallowing, swelling of the arms or legs, and shortness of breath were among the top most distressing symptoms in the older age group. In contrast, I don't look like myself, feeling sad, feeling bloated, and nausea were unique to the younger age group. These differences in distress patterns warrant additional research.
Of note, no age-related differences were found in symptom distress ratings for constipation and problems with sexual interest. These two symptoms which occurred in approximately 30% of the patients in both age groups warrant a careful assessment because when they do occur, they are severe, occur frequently, and are distressing not only to older patients, but to younger patients as well.
A surprising finding in this study was that a significantly higher percentage (26%) of older patients reported being fully active compared to younger patients (15.8%). While older individuals in the general population are more likely to report poorer functional status than younger individuals [56] , the higher functional status in the older patients in this study may be attributed to lower recruitment rates among the oldest old. An alternative explanation is that younger patients received higher doses of CTX or RT that had a negative impact on their functional status.
Despite the limitations enumerated earlier in the discussion, findings from this study provide valuable information to guide clinical practice and research. As shown in Table 8 , across all four symptom dimensions, the most common, severe, frequent, and distressing symptoms are similar for both age groups. What differs is the magnitude estimation for each dimension, with older persons reporting lower rates of occurrence, severity, frequency, and distress for some symptoms. Because the age-related differences in symptom severity, frequency, and distress scores were small, additional research is warranted within each age group to determine the impact of each dimension of a symptom on younger and older patients' functional status and QOL.
The findings summarized in Table 8 provide new information on symptoms with the highest occurrence, severity, frequency and distress ratings in both age groups. This information can be used by clinicians to guide their multidimensional symptom assessments of older oncology patients. Future research needs to focus on a detailed evaluation of patient (i.e., phenotypic and genotypic characteristics) and clinical characteristics that explain the age differences in the various dimensions of the symptom experience described in this study.
Conclusions
This study is the first to evaluate for differences in multiple dimensions of symptom experience in older oncology patients. For almost 50% of the MSAS symptoms, older patients reported significantly lower occurrence rates. While fewer age-related differences were found in ratings of symptom severity, frequency, and distress, a similar pattern was found across all three dimensions. Future research needs to focus on a detailed evaluation of patient and clinical characteristics (i.e., type and dose of treatment) that explain the differences in symptom experience identified in this study. 
Competing interests
The authors declare that there are no competing interests.
Authors' contributions JC drafted the manuscript, and participated in the interpretation of the data. SP combined the datasets, conducted data analyses, and contributed to the interpretation of the data, and the critical revision of the manuscript. BC conducted analyses and participated in the critical revision of the manuscript. HS contributed to the analysis, the interpretation of the data, and critical revision of the manuscript. KA, BA, VB, JM, and LD contributed to the interpretation of the data, and the critical revision of the manuscript, and CR participated in the critical revision of the manuscript. PY and CM conceived the concept and study design, coordinated the study, and contributed to the interpretation, drafting, and critical revision of the manuscript. All authors read and approved the final manuscript.
